We describe the case of a 37-year-old woman who presented with a complaint of recurrent headaches since childhood. Clinical examination revealed the presence of a reddish-bluish mass in the inferior half of the tympanic membrane in her right ear. Source and three-dimensional time-of-fl ight magnetic resonance angiography (MRA) detected a protruded right internal carotid artery (ICA) in the hypotympanum. Th e vertical segment of the ICA was absent, and the artery was narrowed and lateralized and had a "reverse 7" shape. Meanwhile, a persistent stapedial artery (PSA) was seen originating in the petrous portion of the ICA to form a middle meningeal artery. Th e A1 segment of the right anterior cerebral artery was hypoplastic. Based on these fi ndings and on follow-up fi ndings on computed tomography, the patient was diagnosed with a concomitant aberrant ICA and PSA. No intervention was undertaken. We review the management of this rare fi nding, and we discuss the role of MRA in its diagnosis.
Introduction
Th e coexistence of an aberrant internal carotid artery (ICA) and a persistent stapedial artery (PSA) is one of the four congenital vascular anomalies seen in the middle ear space. Th e others are an aberrant ICA alone, a PSA alone, and a persistent pharyngotympanostapedial artery. 1 Th e prevalence of an aberrant ICA and a PSA in a single patient is unknown, but this condition appears to be very rare; the prevalence of aberrant ICA alone is 1%, 2 and the prevalence of a PSA alone is 0.02 to 0.01% surgically 3 and 0.48% histopathologically. 4 Injury to an aberrant ICA can result in serious complications, including brisk bleeding, hemiparesis, aphasia, deafness, Horner syndrome, and intractable vertigo. 5 Th e presence of a PSA can complicate stapedectomy, cholesteatoma resection, cochlear implantation surgery, and removal of a facial nerve tumor involving the anterior aspect of the tympanic segment. 6, 7 Otolaryngologists and neuroradiologists should be aware of these congenital anomalies prior to planning temporal bone surgery and endovascular procedures.
We report a new case of a coexisting aberrant ICA and PSA, and we discuss its clinical and radiologic features, with emphasis on the role of magnetic resonance angiography (MRA) in making the diagnosis.
Case report
A 37-year-old woman presented to our clinic with a complaint of recurrent headaches since childhood. Anterior rhinoscopy detected a mild left ward deviation of the nasal septum and hypertrophy of the inferior conchae bilaterally. Findings on oropharyngeal and otolaryngologic examinations were within normal limits. Examination of the right ear revealed the presence of a reddish-bluish mass in the inferior half of the tympanic membrane (fi gure 1). Th e left ear was normal. Paranasal computed tomography (CT) confi rmed the left ward deviation of the nasal septum and the bilateral hypertrophy of the inferior conchae, and it identifi ed mild mucosal disease of the anterior ethmoid sinuses bilaterally. Th e results of audiometry were normal. variant. " 1 A failure of the cervical portion of the ICA to develop leads to an anastomosis between the inferior tympanic artery and the caroticotympanic artery. Th is anastomosis bypasses the normal carotid canal. Instead, the aberrant ICA enters the middle ear through the canal of the Jacobson nerve. 8, 9 To rule out the possibility of a glomus tumor, magnetic resonance imaging (MRI) of the temporal bone was requested. Th e MRI demonstrated a narrowed and lateralized ICA. MRI also showed that the carotidcochlear interval on the right (0.6 mm) was much smaller than the one on the left (6.5 mm). Source and three-dimensional (3D) time-of-fl ight MRAs showed a protruded right ICA in the hypotympanum. Th e vertical segment of the ICA was absent. Th e remaining ICA was narrowed and lateralized, as had been previously seen on MRI, and it had a "reverse 7" shape. Th e PSA originated in the petrous portion of the ICA to form a middle meningeal artery (fi gure 2). Th e A1 segment of the right anterior cerebral artery was hypoplastic. Based on the MRA fi ndings, the patient was diagnosed with a concomitant aberrant ICA and PSA. Th e diagnosis was supported by temporal bone CT, which confi rmed the protruded ICA in the hypotympanum and demonstrated an enlarged inferior tympanic canaliculus, an enlarged tympanic portion of the facial nerve, and an absent foramen spinosum (fi gures 3 amd 4).
No intervention was undertaken, and the patient was advised to return for yearly follow-up visits.
Discussion
Embryology. Lasjaunias and Moret referred to an aberrant ICA as an "inferior tympano-caroticotympanic Th e embryology of a PSA is diff erent. A PSA arises from the hyoid artery (which originates in the second aortic arch near its origin in the proximal internal carotid artery) by gestational week 5, and it extends intracranially through the obturator foramen of the stapes. From there, it divides into dorsal (the middle meningeal artery) and ventral (to the maxilla and mandible) sections. Th e ventral section exits the cranium through the foramen spinosum. A PSA develops when the stapedial artery fails to involute in the third fetal month and the ICA continues to contribute to the middle meningeal artery abnormally. [8] [9] [10] Th e foramen spinosum, which normally contains the middle meningeal artery, is absent.
PSA. Most patients with a PSA are asymptomatic; these abnormalities are usually discovered at postmortem examination. However, some patients do experience symptoms-specifi cally, hearing loss and tinnitus. 6 Tinnitus might resolve aft er surgical ligation or endovascular occlusion. 7 Imaging fi ndings in patients with a PSA have been reported in several cases. On CT or plain radiographs, the foramen spinosum is absent on the ipsilateral side. However, this is not a defi nitive sign because a congenital absence of the foramen spinosum is seen in 3.2% of the population when the middle meningeal artery takes its origin from the ophthalmic artery. 6 Th erefore, the absence of a foramen spinosum should be supported by observing a widening of the facial canal (fallopian canal) in the area of the proximal tympanic segment of the facial nerve on CT.
Aft er arising from the petrous ICA, a PSA enters the hypotympanum, passes through the obturator foramen of the stapes, and enters the facial canal. It courses with the tympanic portion of the facial nerve. It then leaves the facial canal 2 mm before the geniculate ganglion and travels in the extradural space of the middle cranial fossa. 10 Angiography of the ICA will demonstrate a PSA arising from the infracochlear petrous ICA or from an aberrant ICA that runs anteriorly and superiorly through the middle ear to supply the middle meningeal artery. Angiography of the external carotid artery will show an absence of the normal origin of the middle meningeal artery. 7 Aberrant ICA. Patients with an aberrant ICA present with variable symptoms; the most common are hearing loss (47.7% of cases), pulsatile tinnitus (30%), and serous otitis media (13.9%). 5 Th e diff erential diagnosis mainly includes glomus tumors and vascular malformations. Aberrant ICAs are more common in women, as reports of a female preponderance range from 68.6 to 92%. 5, 11, 12 A predilection for the right side has been reported, 5, 12 but bilaterality is not rare. 4 Th e presence of a pale red or bluish mass behind the tympanic membrane on otoscopic examination should raise a suspicion of an aberrant ICA.
These aberrations are usually defined on highresolution CT of the temporal bone and on angiography. CT characteristics of an aberrant ICA include an intratympanic mass, an enlarged inferior tympanic canaliculus, an absence of the vertical segment of the ICA canal, and an absence of bone covering the tympanic portion of the ICA. 13 Th e Lapayowker vestibular line has been used for diagnosis during arteriography. Th is line extends vertically down from the radiolucent vestibule, with the aberrant ICA presenting at a lateral angle to the line. 14 
MRA.
Th e fi rst imaging modalities used to investigate a suspicion of a vascular lesion are temporal bone MRI and cranial MRA. Radiologists must be aware of the possibility of a concomitant aberrant ICA and PSA in addition to the more common etiologies, such as a paraganglioma (e.g., a glomus tympanicum or glomus jugulare). In our patient, the small caliber of the ICA and the smaller carotid-cochlear interval on the right side turned our attention to routine temporal bone MRI as an investigative tool. We included MRA to confi rm or refute a suspicion of an aberrant ICA. MRA did demonstrate the smaller caliber and lateralization of the aberrant ICA. It also demonstrated the PSA originating in the petrous segment of the ICA to form the middle meningeal artery.
MRA is not only noninvasive and radiation-free, but it also does not require intravenous contrast. Its major drawback is its limited availability. However, we believe that as the cost of this technology decreases, it will become more widely available. Another limitation of MRA is the dephasing of the spins secondary to turbulence, with a loss of signal intensity. Even so, this apparent disadvantage can also be an advantage when it provides a clue to a narrowing and aberrant course of an ICA.
We also wish to point out that the carotid-cochlear interval might also serve as a clue to an aberrant ICA. With MRA, it is a straightforward process to demonstrate the lateralization and typical 7 shape of an ICA, as well as the course of a PSA from the ICA to the middle meningeal artery. Although arteriography rather than CT has been the gold standard, 5, 11 MRA might replace it in this regard.
In rare instances, imaging modalities fail to establish a defi nite diagnosis 15 or the disease is obscured by chronic otitis media. 16 In such cases, an exploratory tympanotomy could be essential. Th e procedure should be halted as soon as the diagnosis is made in order to avoid the serious consequences of unintentional damage to the internal carotid artery. 15 
